Background: Compatibility of Radix Aconiti Carmichaeli and Liquorice is known to treat heart diseases such as heart
Introduction
Radix aconiti carmichaeli, the sub-root of Aconitum carmichaeli. debx, with widely clinical application in yang depletion syndrome and yang deficiency syndromes, is the preferred drug when rescuing someone to prevent the likely collapse of yang. Radix aconiti carmichaeli has positive properties of cardiotonic, antinociceptive and anti-inflammatory (Lai et al., 2011; Wang et al.,2014) and it is also a well-known chinese medicinal herbs used to treat chronic heart failure. Aconitine is the main component of Radix aconiti carmichaeli, which is responsible for the pharmacological activity. Aconitine, however, has high cardiotoxicity, which could result in severe arrhythmias even death (Sujata et al, 2015; Li et al, 2010; Lin et al, 2011; He et al, 2013 ). Meanwhile, the previous studies demonstrate that its effective dose is close to the toxic dose (Zhang et al, 2012) , and its dose range should be carefully controlled.
All these reasons limit its extensively clinical application.
Liquiritin and Glycyrrhetinic Acid are the major effective components of Liquorice, which is the root of Glycyrrhiza uralensis Fisch., Glycyrrhiza inflata Bat. or Glycyrrhiza glabra L. Based on the prescription features of Traditional Chinese Medicine (TCM), the compatibility of Radix aconiti carmichaeli with Liquorice, and Aconitine with Liquiritin and Glycyrrhetinic Acid plays the major role in the effect-enhancing and toxicity-reducing (Karoline et al, 2013) . As their active ingredients, Aconitine with Liquiritin and Glycyrrhetinic Acid are the pivotal studying targets undoubtedly. Nevertheless, the mechanism behind these effects is absent.
The process of excitation-contraction coupling of heart is that the myocardial cells are excited by electrical stimulation and are contracted by intracellular Ca 2+ transportation. Ca 2+ is the direct activator of contraction of myocardial cells as the second messenger, and plays the key role in electrical activity of myocardial cells. Notably, it is proved that calcium-regulated proteins play an important part in maintaining the cell calcium homeostasis and calcium cycle (Guo et al, 2008) . Recently, there are some emerging studies about the effect of calcium regulation of proteins in myocardial cells on heart failure and arrhythmia (Bers, 2002) . Moreover, preliminary studies have showed that arrhythmogenesis toxicity of Aconitine was closely linked to Ca 2+ signals (Zhou et al, 2013; Zhang et al, 2007) .
In this study, we select Aconitine, Liquiritin and Glycyrrhetinic Acid, which are the main active ingredients of
Radix aconiti carmichaeli and liquorice, respectively. Aconitine with the certain dose causes damage on myocardial cells significantly, while the compatibility of Aconitine with Liquiritin and Glycyrrhetinic Acid on calcium-regulated proteins of the passage of rat myocardial cell at the molecular level indicates that it could regulate the expression of calcium-regulated proteins to inhibit the cytotoxicity of myocardial induced by Aconitine, enhance the calcium regulatory adaption of myocardial cell, and maintain the function of heart diastole and systole. In the course of the experiment, various doses were designed by the method of orthogonal testing, and the best combination is conducted for the guidance of reasonable and safe clinical prescription in vitro.
Materials and Methods

Drugs and Reagents
Aconitine, Tianjin ChemStandard Biotechnology Company Ltd, purity ≥98%, Lot Number:
PCM-WT-001-20111220; Liquiritin, Tianjin ChemStandard Biotechnology Company Ltd, purity ≥98%, Lot Number:
PCM-GC-008-20110809; Glycyrrhetinic Acid, Tianjin ChemStandard Biotechnology Company Ltd, purity ≥98%, Lot Persee general instrument Co., Ltd; Clean bench, Suzhou purification Antai Co.,Ltd.
Experimental Drug
Dissolved Aconitine, Liquiritin, Glycyrrhetinic Acid and Verapamil 10mg separately on the basis of molecular weight in serum-free DMEM medium with a small amount of DMSO (the concentration is below 0.5%) to connected into the 1mL stock solution, which stored in the condition of -20℃ after filtration for getting rid of bacterium.
Cytotoxicity Test of the Myocardial Cells
To detect and select cells viability of gradient concentration of Aconitine, Liquiritin, Glycyrrhetinic Acid and Cell survival rate%= (OD drugs group-OD zero group) / (OD control group-OD zero group) ×100%
Experiments and Treatment Groups Designed by Orthogonal Experimental Design
Orthogonal experimental design was adopted in the study. Orthogonal experimental design is a reliable method used for studying multiple factors and multiple levels. It can select a representative point from the comprehensive test according to the orthogonality-arrangement test by taking full advantage of the standardization orthogonal table. It is a scientific design method to reduce the number of tests, shorten the test cycle, and quickly find the optimal solution, which actually reduces the amount of works (Xu et al, 2002) . Orthogonal design method is widely used in various Based on the results of MTT, cells were divided into twelve groups randomly as follows: control group, Aconitine group, nine combination groups of Aconitine with Liquiritin and Glycyrrhetinic Acid using orthogonal 
Cells viability of 12 groups
We determined the cells viability of control group, Aconitine group, nine orthogonal combination groups and Verapamil group, after 4h on the myocardial cells by MTT. The methods and steps of determination of cell survival rate were the same to the previous experiment. Each group was repeated six times.
Expression of Calcium-regulated Proteins (NCX1, RyR2, DHPR-a1) with Western Blotting
We seeded the subcultured myocardial cells into 6-well plates at the density of 1×10 6 /mL, cultured the cells with 
Statistical analysis
Data were expressed as x ±s, and analyzed with SPSS17.0 statistic software. One-way ANOVA analysis was used to compare between these groups. The significant differences were shown as P<0.05, and the extremely significant differences were shown as P<0.01.
Results
Selective Drug Action Concentration by Cytotoxicity Test of the Myocardial Cells
After 4h on the myocardial cells with the individually increase of concentration of Aconitine, Liquiritin, Glycyrrhetinic Acid and Verapamil, the myocardial cell survival rates gradually decreased, which showed that this process is dose-dependent. This decline was not obvious at the beginning, but significant when the concentration is more than 200 μM. (Fig. 1) . With n=3.
Zhang et al., Afr
We select the concentration of Aconitine, Liquiritin, Glycyrrhetinic Acid and Verapamil based the damage on cultured myocardial cells, as the highest concentration used for experimental grouping by orthogonal experimental design. We select the concentration of Aconitine as 120 μM, with which myocardial cell survival rate is relatively low (68.37±12.71%). Other groups choose the highest concentration of survival rate at about 85%: Liquiritin is 240 μM (cell survival rate is 85.97±11.02%), Glycyrrhetinic Acid is 60 μM (cell survival rate is 85.13±16.05%), and Verapamil is 240 μM (cell survival rate is 87.69±14.57%).
Experiments and Treatment Groups Designed by Orthogonal Experimental Design
(3)-(11) orthogonal combination groups: the concentration of Aconitine, Liquiritin and Glycyrrhetinic Acid was drawn from the cell survival rate test (Table1-2). 
Combination of Aconitine with Liquiritin and Glycyrrhetinic Acid Prevents Myocardial Cells from Damage on
Account of Toxicity of Aconitine
In the visual field of inverted microscope, cells had spindle shape, adhering to the wall, and had regular shape, beating strongly and rhythmically with the frequency of 50~70 times/min. After affected 4 h by Aconitine, myocardial cells pseudopodia became shorted, turned round, and there were vacuolation and granule degeneration in a few cells.
Cells spontaneous rhythmic beats decreased, had irregular rhythm, and irregular fibrillation and shrinkage, even death of advanced cells.
Compared with the Aconitine group, the cells in the groups which affected by nine combination groups for 4 h had improvement in the aspects of morphology and shrinkage, such as the shrinkage of pseudopodia, cytoplasm cavitation and granule matters were decreased. The improvement in the combination group 5 (which with 60uM Aconitine, 60uM
Liquiritin and 60uM Glycyrrhetinic Acid) was the most obviously. (Fig. 2 ) 
Combination of Aconitine with Liquiritin and Glycyrrhetinic Acid Improve Cells Viability
The survival rate of myocardial cells in Aconitine group at the concentration of 120uM was decreased obviously (P<0.01), while nine combination groups improved it with different degrees (extremely significant difference with P<0.01, significant difference with P<0.05). (Fig. 3 ) 
Combination of Aconitine with Liquiritin and Glycyrrhetinic Acid Regulate Calcium Regulatory Proteins (RyR2, NCX1, DHPR-a1)
The expression level of RyR2 protein was obviously higher, while the expression levels of NCX1 and DHPR-a1
were significantly lower in Aconitine group compared with the control group. Compared with Aconitine group, RyR2
proteins of Combination 1-9 were all decreased significantly, while NCX1 and DHPR-a1 proteins were increased obviously (P<0.01). Different combinations of Aconitine with Liquiritin and Glycyrrhetinic Acid had different effects, particularly that the expression level of RyR2 protein in Combination 3 group was lowest, and the expression levels of NCX1 and DHPR-al protein in Combination 5 group were highest. (Fig.4 A, B , C, D). Voltage-gated calcium channels of DHPR/L-form induce internal flowing of calcium, which stimulates more ensuing external flowing of calcium in sarcoplasmic reticulum (Pochaev et al, 2013) . Once the dysfunction of calcium regulatory proteins mentioned above happens, or one of the processes of calcium cycle in myocardial cells is affected by external factors. Calcium stability in myocardial cells would be affected and causes calcium overloads. Thus, the function of the myocardial cell is affected.
Disruption of the intracellular Ca 2+ homeostasis is a crucial mechanism of arrhythmic toxicity of Aconitine (Wright, 2002) , Aconitine causes unbalance of calcium homeostasis in myocardial cell though affects the expression of calcium regulatory proteins in myocardial cell excitation-contraction coupling system.The early studies showed that the biophysical characteristics of the sodium channel could be changed by Aconitine (Fu et al, 2007) and blocked the inactivation of the channel, which caused the sodium channel opening continuously (Sawanobori et al, 1987) , thus persistent depolarization of myocardial cells stimulated NCX, and internal flowing of calcium increased. Secondly, Aconitine could increase the expression level of RyR2 gene and protein on myocardial cell sarcoplasmic reticulum calcium release channels, it could increase the calcium release of sarcoplasmic reticulum and increased the concentration of intracellular calcium (Hashimoto et al, 2007) . The dynamic equilibrium of intracellular calcium was broken and caused arrhythmia. Aconitine may cause dysfunction of the central nervous system, heart and muscle system by affecting voltage-gated sodium channel or sodium-calcium exchange system (Fu et al, 2007) .
In our study, we found the damage and effects of calcium-regulatory proteins ( Based on the analysis above, the orthogonal combination of Aconitine with Liquiritin and Glycyrrhetinic Acid may regulate the expression of calcium regulatory proteins to inhibit the cytotoxicity of myocardial induced by Aconitine, enhance the calcium regulatory adaption of myocardial cell, maintain the function of heart diastole and systole, and whence achieve the effect of toxicity reducing and efficacy enhancing.
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